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(54) FIXING OF HEAVY METAL OR HEAVY METALLIC 
COMPOUND 

(71) We, NIPPON SODA COMPANY LIMITED, of No, 2-1, Ohtemachi 
2-chome, Chiyoda-ku, Tokyo, Japan, a company organised under the laws of Japan, 
do hereby declare the invention, for which we pray that a patent may be granted to 
us, and the method by which it is to be performed, to be particularly described in and 
by the following statement:-— 

The present invention relates to fixing of heavy metal or heavy metallic com- 
pound and more particalarly to treatment of a slurry or solution, or soil, containing 
heavy metal or heavy metallic compound to fix the metal or metallic compounds and 
thereby prevent same from dissolving in liquid, and to a construction cement having 
an agent to fix heavy metal or heavy metallic compounds. 

In recent times the environment has been subject to pollution by heavy metals 
or heavy metallic compounds discharged from mines, factories, cars, hospitals, labora- 
tories or derived from waste products such as electric batteries and lamps. These 
heavy metals or heavy metallic compounds dissolve in river or subterranean water, 
and may be absorbed by plants and animals and in turn by human beings. 

According to a first aspect of the present invention, there is provided a method 
of treating a slurry or solution containing heavy metal or heavy metallic compound 
to fix the metal or metallic compound, comprising the step of mixing with the solution 
or slurry 0,1 to 50.0— by wei^t of an aliphatic dithiocarbamate compound, wherein 
die aliphatic dithiocarbamate compound is a compound having an aliphatic chain, 
which may contain a nitrogen atom in place of a carbon atom, and at least two diliiio- 
carbamic acid groups 

(>N— C~S— H) 



or alkali metal, alkaline earth metal or ammonium hydroxide salts or esters thereof. 

The aliphatic dithiocarbamate compound may be present in a cement com- 
position in an amount of 0.001 to 10% by weight of the composition, the composition 
being mixed in die slurry or solution in an amotmt of 20 to 80% by wei^t. 

According to a second aspect of the present invention, there is provided a 
method of treating soil containing heavy metal or metallic compound, to prevent 
plants from absorbing the metal or metallic compound, comprising 
the step of mixing in the soil 0.001 to 10% by weight of an aliphatic dithiocarbamate 
compound, wherein the aliphatic dithiocarbamate compound is a compound having an 
aliphatic chain, which may contain a nitrogen atom in place of a caibon atom, and 
at least two didiiocarbamic acid groups 

(>N— C— S— H) 



or alkali metal, alkaline canh metal or a 



Preferably, 0.01 to 2.0% by weight of die compound is mixed with die soil. 
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According to a third asptct of the present invention, there is provided a con- 
struction cement having a heavj- metal or heavj- metallic compound fixing agent, the 
ag™ being present m on amount of 0.001 to lO'A by weight and comprilinf a com- 
pound prepared by reacting an amine selected from ethylene diamine, diethylene 
H-"'*^'"";- ^"r"^ tctraethylenc pentamine, pentaethylene hexamine! 
propylenediamine, dipropyknetriaraine, tripropylene cetraminc, tctrapropylene pent- 
amme arid pcntapropylenehexamme with carbon bisulfide, one gram molecule of 
amine to 2 to 6 gram molecules of carbon bisulfide being employed. 
a;v,- '"e'hods and construaion cement provided by the invention, an aliphatic 

diAiocarbamate compound is used as a fixing agent for heavy metals or heavy metall c 
n^Zt.'^.r""^ mixed with son. water or slurry wastage containing he^vy S 
or heavy metaUic compound. The fixing agent reacts with the heavy metal or heavy 
metallic compound to form a compound insoluble in water. 

m- have less conventional usages, for example, when slurry 

or granular wastage containing heavy metals or heavy metallic compounds, such as 
mud containing a mercuric compound byproduct of an electrolysis plant, is packed 
m a concrete container and dumped in the sea or buried in the ground, heavy metals 
^ i'f T compounds may be dissolved by water and exude through the wall 

3 °* environment. In this cL, mixing 

«udation of the heavy metal and heavy metallic compounds. Further, if the agent 
IS homogeneously mixed m concrete or mortar in an amount of 0.001% to 107 
preferably 0.001 to 1% by weight, of the cement used in Ac concrete or roortar, die 
fhl'".VtrlP"''''"' he'ivy metals and heavy metallic compounds from passingZough 
examXnf,.enr'",j;T'c^"'?^'5' '"^""^ "^"^^"^ ""^'^ '^^^^ « be tough, for 
'^l^^oJ '"'^^^2^ Pordand cement or the raw material of a i«sin, and which 
contains 0,001% to 10%, preferably 0.001% to 1%, by weight of the agent: can be 
used for packmg harmful heavy metaHic co^jound^U waufL otter cons^^^^ 
such as drainage pipes, made from such material may nsist the passage 
of heavy metals and heavy metallic compounds. u«"cu«uusii 
nr J^'Z agent may be used in agriculture, as when a soil contains a heavy metal 
or heavy metallic compound crops planted in the soU may absorb the heaw meS 
^Lif "^^T"""" '=°^P°'pd. In this case, the absorption of the heavy meS or 
heavy metallic compound by the crops may be prevented by adding the agent to the 

^-"^^ P^<=f"=^^^'y O '^l 2%, by weight of^the agSt 

« added and homogeneously mixed in the soil. The agent is effective. partLK 

mat ^I^^Sta^erb^te"^^^^^^ ^^^^^^ ^ 

In the pnsent mvention, aliphatic dithiocarbamaie compound means a era 
having an aliphatic i^ain which may contain a nitrogen akm in place of a 
atom aad at least two dilhiocarbamic acid groups i' i- «■ a 

(>N-~C-S-H), 

! 

which is contained in the compound in die form of acids (R— NHCSSH or 
^ >NCSSH) or salts or esters of alkali metals, alkaline earth metals and ammonium 
hydroxide of the dithiocarbamic acid groups. 

beusS*-^ foUowing are examples of aliphatic didiiocarbamate compounds diat may 

eAylene^di-thiocarbaraic acid (HSsCNHGHjCHjNHCSaH) 

N,N,N-ms(dithiocarboxyI)ethylenediamine 

N,N,N',N'"tetra(dithiocarboxyl)ethyIenediamihe 

1,3- or 1.2-propylencbisdithiocarbamic acid 

NJ^.N'-tris(d!thiocarboxyl)propy]enediamine 

N.NJ<I'N'-tetra(dithiocarboxyl)propylenediamine 

tetramcthylenebisdithiocarbamic acid 

ttis or tetra-(dtthiocarboxyl)propylened{amine 

hexamediylenebisdidiiocarbamic acid 

octamethylenebisdithiocarbamic acid 



N^-'-bis ( di thi ocarboxyl ) die chylenecriamine 

HS,CHNCH,CH,NHCH,CH,NHCS:,H) 
N'^°,N"-i:ris(dithiocarboxyI)diethyIeneiriamine 
N'jNSN'jN'-tetraCdithiocarfaojyOdiethylenettianiine 
N^,N'^^NSN"-penta(d!thiocarboxyl)diediylenetriamine 
N' ^N-*-bis (dithiocarboxyl ) triediylenetetramine 

(HS,CNHC.H ,NHC,HiNHC,H,NHCSoH) 
N'^=,N'-tris(dtthiocarboxyl)triethylenetetrainme 
N^N=,N•■'JM■'-tct^a ( dithiocarboxyl )triethylenetetramme 
N',lSl',N=,N''^'-penra(dithiocarboxyl)triediyIenetetramine 
N'^'jN=J^",NSN'-hexa(dithiocarboxyI)triethyIeneietrajnine 
N',N=-bis(dithiocarboxyl)ietraethylenepeiitanune 

(;HS,SNHC,H,NHC,H,NHCS=HQR.NHC.H,NHCS2H) 
N'J^'',N=-tris(dithiocarboxyI)tetraethy!enepentaniine 
N',N=^'^=-tetra(dithiocarboxyI)tetraed)yleneperitamine 
Ni>NSN''>N''jN'-penta(didiicK:arbo30'l)tetTaethylenepentamine 
N^^;N=^'3N''^'jN'-hepta (dithiocarboxyl ) tetraeiiiylenepentamu 
N'jNSN^'jN'ljN'^'-hexa (dithiocarboxyl ) tetraethylenepentamme 
NSN°-bis(dithiocarboxyl)pentaethyIenehexanune 
N',N^jN''-tri(dithiocarboxyl)peDtacihyleaehexamine 
N'J^^-'^°-ietra(dithiocarboxyl)pentaeifaylenehcxamine 
N'^=;^'^^N';^»-hexa(dithiocarb(wyl)pentaetfayIenehexamine 
bts(dithiocarboxyl)propylenediamine 
trisdithiocarboxyldipropylenettiamine 
N'JSr''-bis(dithiocarboxyl)tripropylenetetrainine 
N'sN'',N*-tris(dithiocarboxyl)tripropylenetetraniine 
N'J^^-,N',N*-tetra(dithioca^boxyl)tripropylenBtetramine 
N*>N',N"jN'jN*-penta(diihiocarboxy])iripropylenetetramine 
N'^'^yN=^'^*:N'-hexa(dithiocarboxyl)tripropyJenetctranime 
N*JM'-bis(dithiocarboxyI)tetcapropyIenepentamme 
N^jN'",N*-tris(dtthiocarboxyl)tetrapropylenepenD«mine 
NSN*,N',N'-tetra(dithiocarboxyl)tetrapropylene. 
N'jN-^^*,JN=-penta(dithiocarboxyl)telTapropyIei 
Ni^>;^»^=»N*,N''.hexa(dithiocarboxyl)cetra( 
N^^'-bis(dithiocarboxyl;dibutylenetriainine 
NSN=,N'-iris(dithiocarb03cyl)dibntylenetriamine 
N'>N='-bis(dithiocarboxyl)tribu!yleneiriamme 
NSN"^-tris(dithiocarboxyl)tributyIenetriamine 
Ni»N*-b5s(dithiocttrboxyI)tEtrabutyleiifipemamine 
Ni^'J^^-trisCdithiocarboxyOtetrabutylenepentamine 
NSN=,N='^*-tetra(dithiocari)oxyl)tetrabutylenepentamine 
polyCN-dithiocarboxyl)polyediyleneimine (polyethyleneimine have the following 
structure: 

4-CH,-CH,-N 4 t-CH,-CH,-NH-)~ 

— CH,-CH,-N< * ^ 

and alkali metal (e.g. Na and K), alkaline earth meti 
Ba) or ammonium hydroxide salts of above said acids, 
alcohols having 1 to 4 carbon atoms. 

An aliphatic didiiocarbamate compound having less than 4 carbon atoms shows 
ph3rtotoxicityj so aliphatic ditfaiocarbamaie compounds having 5 or more carbon atoms 
ate preferred. 

These dithiocarbamate compounds can be easily prepared from corresponding 
amine compounds such as ethylenediamine, diethyleneiriamine, trieihylenetetraminej 
tetraethylenepentamine, pentaethyienehexamine, dipropylenetriamine, tripropylene- 
tetramine, tetrapropylenepentamine, dibutylcnetriamine, tributylenetriamine and tetra- 
butylenepentamine by reacdng widi carbon bisulfide in the presence of a solvent 
such as acetone, methylethyl ketone and water and alkaline catalysts such as sodium 
hydroxide, potassiimi hydroxide and ammonium hydroxide, at a temperature of from 
— lO'C to 60° C, preferably 20° C to 45 °C. The reaction mixture contains dithio- 
carbamate compound, which has a red-onmge or biown colour, in die form of a salt. 
The reaction between the hydrogen atom vriiidi combines with die nitrogen atom of 
amhio or imino group and carbon bisulfide proceeds quaotitativdy. Accordingly, die 
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same number of gram molecules of carbon bisulfide as the proposed number of 
dithiocarbamate groups of ibe proposed compound is employed in its preparation. 

For example, when two dithiocarbamate groups are intended to introduce in 
amine cranpound, two gram molecules of carbon bisulfide are reacted with one gram 
molecule trf amine compoimd. Ordinarily, aliphatic dithiocarbamate compound can 
be used as a iixing agent in the form of an aqueous solution, or a carrier can be 
impregnated with the aqueous solution of aliphatic dithiocarbamate to provide a 
granular or paste fixing agent. In die latter case, 1 to 30% of the aliphatic dithio- 
carbamate compound is preferably contained in the carrier. 

Many kinds of materials having a porous structure and large specific surfaces 
can be employed as the carrier, preferably porous material having a large specific 
surface of more than Im'/g measured by argon gas adsorption method by use of the 
BET equation, for example, diatomaceous eartfi, pumice stone, zeolite, kaolin, verml- 
culite, alumina (aluminium oxide), silicagel, coke, activated charcoal, graphite, benio- 
nite and foamed urethaae resin having open ceUs. 

The fixing agent can selectively react with heavy metal and heavy metallic com- 
pounds such as nickel, chromium, zinc, lead, copper, cadmium, silver, arsenic, 
manganese, bismuth, vanadium and mercury, particularly mercury and compounds 
thereof, even if these heavy metals or metallic compounds exist as non-ionic or ionic 
compounds. So far as concerns mccuric and silver compoimds, various types of com- 
pound can be fixed, for example, metallic oxides such as HgO and Ag^O, metallic 
chlorides such as BgCi, and AgQ, metallic sulphates such as HgSO« Hg-SO^ and 
AgSO„ metallic nitrates such as Hg(NO,)s and Hg,(NOs)5, metallic sulphides 
such as HGS and HgjS, and organometallic compounds such as methylmercuric 
chloride, ethylmercuric ddoride, lAenylmercuxic acetate, efliylmercuric iodide, methyl- 
mercuric iodide, ethylmercuric bromide, metfaylmeicuric fromide, phenylmercnric 
chloride, diphenytaiercuty and phenylmercuric benzoate are fixed. 

Funhermoie, cadmium and cadmium compounds can be fixed by the agent, 
even if the cadmium compounds are non-ionic or ionic, for example, CdSO^, CdQa, 

cas, cdo ffljd Cd(oms. 

Embodiments of the method and of the cement composition according to the 
present invention, and preparation of fixing agents employed in such embwliments, 
are illustrated by 4e following examples. All quantides referred to in the description 
and appended claims as "parts" or "percent" are "parts by weight" or ''percent by 
WMght" respectively unless expressly stated otherwise. 

Example 1. 
Preparation of fixing agents. 
80 parts of NaOH, 500 parts of water and 60 parts of ediylcne diamine were 
mixed together, and 152 parts of carbon bisulfide were added dropwisc at SO'C to 
40''C under vigorous stirring. After 1 hour of die reaction, nitrogen gas was blown 
throug^i the reaction mixture to remove any unreacted carbon bisulfide, A brown- 
orange transparent aqueous solution containing 31.0% of sodium ethylenebisdithio- 
carbamate (NaSsCNTH— CHaCHaNHCSjNa) was obtained. The reaction solution 
itself was used as a fixing agent. 

Examples 2 to 25. 

Various kinds of amines, basic compounds and carbon bisulfide, as shown in 
Table 1, were reacted according to the procedure of example 1 and various bnds of 



Aliphatic dhhiocarboayl compounds, identified by Ae numbers given in Table 1, 
Portland cement, water and mud containing mercuric compound byproduct from a 
sodium cMoride electrolysis plant were mixed in the proportions given in Table 2 
and allowed to solidify into blocks 16em high X 4cm wide X 4cm long. The blocks 
were allowed to stand for 14 days and then were soaked in quantities of pure water 
and sea water 4 times the volume of die blocks. 

The concentrao'on of mercury in the sea water or pure water was measured after 
mie2*'^ 1 hour, 1 day, 14 days, 1 month and 1 year. The results are listed in 

The mud originally contained NaQ, Mg(OH)j, OaSQi:2HaO, CaCO,, C, 
about 120 ppm of mercury and about 45% water. 
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WHAT WE CLAIM IS;- 



1, A method of treating a slurry- or solution containing heavy metal or heavy 
metallic compound to fix the metal or metallic compound, comprising the step of 
mixing with the soiuuon or slurry 0.1 to 50.0% by weight of an aUphadc di&io- 
carbamate compound wherein the aliphatic dithiocarbainate compound iS a compound 
havmg ^ aliphatic chain which may contain a nitrogen atom In place of a arbon 
atom, and at least two dithiocarbamic acid groups 

(>N-C-S~-H) 



or alkali metal, alkaline earth metal or ammonium hydroxide salts or esters thereof 

2. A method as claimed in claim 1, wherein the aliphatic dithiocarbamate com- 
pound IS present in a cement composition in an amount of 0.001 to lOy bv weieht 
of the composition, and the composition is mixed in the slurry or solutidn in an 
amount of 20 to 80% by weight m a« 

3. A mediod of treating soil containing heavy metal or metallic compound to 
prevHit plants from absorbing the mcial or metallic compound, comprisinE the sten 
of mixing in the soil 0.001 to 10% by weight of an ahphatic diihioiarbaraate com- 
pound, wherem the ahphadc dithiocarbamate compountT is a compound having an 
aliphatic Cham whidi may contain a nitrogen atom in place of a carbon atom, and 
at least two dtthtocoibamic aad groups 

ON-C-S— H) 



or alkali metal, alkaline earth metal or ammonium hydroxide salts or esters jhereof 

4. A method as claimed in claim 3, wherein 0.01 to 2.0% by weight of the 
compound IS mixed with the soil 

5. A method as claimed in any one of claims 1 to 4, wherein the aliphadc dithio- 
carbamate compound IS a compound selected from ediyleneditbiocarbamic acids, poly- 
(dithjocarboxyl)die±yleneiriamines, poly(dithiocarboxyl)triethyIene tetramines, poly- 
(dithiocarboxyl)tetraediylenepentamines and alkali metal or alkali eardi metal salt of 
these amines, 

.... ^ method as claimed in any one of claims 1 to 4, wherein the aliphatic 
dithiocarbamate compound is selected from propylenedithiocarbamic acids, polyfdi- 
thiocarboxyl) dipropylene triamines, poly(didiiocarboxyl) tripropylenetetxamines, 
poly(didiiocarboxyl)tctrapropylenepentamines and poIyfdidu'ocaAoxvl'l tjenta- 
propylenehexamines, ^ ^ ^ ^ 

7. A method as claimed in any one of claims I to 4, wherein the compound is 
prepared by reacting amines selected from cdiylene diamine, dicthvlene ttiamine. 
uiethylenetetrainine, tetraeihylenepentamine, pentaetfaylenehexamine, propylenedlamin& 
dipropylene triamine, tripropylenctctramine, tewapropylenepentamine and penta- 
propylenehexamine with carbon bisulfide, one gram molecule of amine to 2 to 6 siam 
molecules of carbon bisulfide being employed. 

8. A construction cement having a heavy metal or heavy metallic compound 
hxing agent, the agent being present in an amount of 0.001 to 10% by weight and 
comprismg a compound prepared by reacting an amine selected from ethylene diamine, 
aietnylene tnamine, triediylene tcttaraine, tetcaethylene pentamine, pentaethylene 
hexamme,, propylencdiaraine, dipropylene triamines tripropylene tetramine, letra- 
propylene pentamine and pentapropylenehexamine with carbon bisulfide, one gram 
molecule of amine to 2 to 6 gram molecules of carbon bisulfide being employed, 

9. A method as claimed in any one of claims I to 4, wherein the compound is 
prepared substantially as hereinbefore described with reference to any one of Examples 
1 to 25. *^ 

10. A method as claimed in claim 1, substanu'ally as hereinbefore described with 
reference to eitiier Example 26 or Example 27. 

11. A method as claimed in claim 1, substantially as hereinbefore described with 
reference to any one of Examples 28 to 30. 

12. A method as claimed in cither claim 3 or claim 5, substantially as herein- 
before described widi reference to eidicr Example 31 or Example 32. 
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